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ABSTRACT 
 
In this study, a  glulam as an engineered wood product (EWP) was produced 
using Mengkulang. The withdrawal capacity tests were conducted on the 
Mengkulang Glulam using bolts of 12 mm and 16 mm in diameter for 
parallel and perpendicular grain directions. The results indicated that the 
withdrawal capacity of 12mm diameter bolt is lower than 16 mm bolt 
diameter by 80.16% when the bolts are inserted parallel to the grain 
direction. Meanwhile, the bolt withdrawal capacity for 12 mm is also lower 
than 16 mm by 64.82% when the bolts are inserted perpendicular to the 
grain direction.  Twelve (12) mm bolt diameter inserted perpendicular to the 
grain provided higher withdrawal capacity than those inserted parallel by 
about 62.82%. On the other hand, the withdrawal capacity of 16 mm 
diameter bolt was observed to be higher in perpendicular to grain direction 
when compared to parallel insertion which differs by 33.82%. Hence, it can 
be concluded that the higher bolt diameter provides the better withdrawal 
capacity. The bolt performs better when it is inserted perpendicular to the 
grain rather than parallel to the grain directions. 
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Introduction 
 
Timber is one of the oldest structure material used worldwide for 
construction purposes. It has gone through various improvements with the 
passage of time. Their main advantage, high strength to weight ratio, has 
provided great performance and potential for improvement. Current 
construction aesthetic demand has results in many new engineered wood 
products (EWP) introduced. Recent innovation had gave birth to numerous 
engineered wood products such as plywood, particle board, Oriented Strand 
Board (OSB), glued laminated timber (Glulam), solid structural timber, 
laminated beams and homogenized wood products [1].  
The most critical part of a structure is the connection part. Load 
carrying capacity and modes of failure of the connection part can be 
predicted by referring to the European Yield Model (EYM). The EYM model 
are created based on the bending resistance of the fastener, the crushing 
strength of wood or member material, joint geometry, and assumed 
mechanical relationships. It shows a set of possible yield modes for single 
and double shear plane for timber-to-timber and steel-to-timber based 
connection. For each modes of failure, the characteristic strength is predicted 
from a static analysis, with assumptions that members and fasteners behave 
as ideal rigid-plastic materials [2]. 
Joint behaviour may also be affected by variable such as member 
thickness, width, fastener type and number of units used, spacing between 
fastener units, end and edge distance, moisture content of wood, preservative 
or fire-retardant treatment. Hence, the effect of these variables on joint 
strength must be known in order to compile accurate design criteria for 
established fastener and connector types as well as for those under 
development to evaluate the influence of mentioned factors [3]. 
The term of withdrawal resistance is to measure resistance to 
withdrawal load in a plane normal to the face. It was influenced by the 
density and internal bonding of the panel [4]. The study of withdrawal 
resistance of threaded fastener will be higher when the smooth shank portion 
or a part of it was inserted into wood. Hence forth, for conservatism purpose, 
this study has only inserted the threaded portion instead of including the 
smooth shank [5].  
The aim of this study is to identify the unknowns namely withdrawal 
capacity, embedment strength, and yield moment which are required to 
calculate load-carrying capacity of Mengkulang Glulam using designed 
equations stated in the Eurocode 5, Section 8.2.2. Bolts with diameter of 12 
mm and 16 mm are inserted parallel and perpendicular to the grain direction. 
The bolt withdrawal resistances were also compared with respect to their 
variability of bolt diameter and load to grain direction of Mengkulang 
Glulam. 
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Material and Methodology 
 
In order to find the performance difference of withdrawal capacity across the 
grain and along the grain, the timber blocks were cut. The timber block 
specimen design was based on the associated formula with 12 mm and 16 
mm bolt diameter for parallel and perpendicular as shown in Table 1. Table 2 
shows minimum values of spacing, end and edge distance for bolts from 
Table 8.4, Clause 8.5: Bolted Connection. These sizes were calculated in 
accordance to EC 5:2008 specification of minimum end and edge distance as 
shown in Figure 1 
All 40 timber specimens were marked at their centres and drilled with 
a drilling machine. The drill diameters were 2 mm less than the bolts’ 
respective diameter. Drill lengths are according to the bolts’ thread length, 
3.9 cm for the 12 mm diameter and 4.5 cm for the 16 mm diameter. The 
threading was done on each sample by manually inserting the bolt into the 
hole without using any machine to ensure that the thread would not be 
damaged.  
 
 
Figure 1: End and edge distance 
 
Table 1: Timber block specimen design 
 
 Specimen 
Grain Direction Parallel Pependicular 
Bolt diameter (mm) 12 16 12 16 
Number of tests 10 10 10 10 
Length of bolt (mm) 130 130 130 130 
Timber block area (mm2) 72 x 168 96 x 224 96 x 168 128 x 224 
Timber block thickness 
(mm) 
90 90 90 90 
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Table 2: Minimum values of spacing and edge and end distances for bolt EC 
5:2008 
 
Spacing and 
end/edge distances 
Angle Minimum spacing or 
distance 
a1 (parallel to grain) 0˚ ≤ α ≤ 360˚ (4 + |cos α|)d 
a2 (perpendicular to 
grain) 
0˚ ≤ α ≤ 360˚ 4d 
a3,l (loaded end) -90˚ ≤ α ≤ 90˚ max (7d; 80 mm) 
a3,c (unloaded end) 90˚ ≤ α ≤ 150˚ 
150˚ ≤ α ≤ 210˚ 
210˚ ≤ α ≤ 270˚ 
max [(1 + 6 sin α)d; 4d] 
4d 
max [(1 + 6 sin α)d; 4d] 
a4,l (loaded edge) 0˚ ≤ α ≤ 180˚ max [(2 + 2 sin α)d; 3d] 
a4,c (unloaded edge) 180˚ ≤ α ≤ 360˚ 3d 
 
 
Table 3: Minimum distance of timber block specimens 
 
Distance Bolt diameters (mm) 
End and Edge x 2 sides 12 mm 16 mm 
End distance, a3,t 168 ˂ 200 224 ˃ 240 
Edge distance, a4,t 96 ˂ 100 128 ˃ 140 
 
The materials of the experiment setup are prepared in accordance to 
standards related to withdrawal resistance which are EC 5:2008 [6] and 
ASTM D1761-12 (2012) [3]. The withdrawal resistances data were obtained 
from the experiment conducted in heavy structure laboratory at Faculty of 
Civil Engineering, Shah Alam using withdrawal resistance test setup.  
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Figure 2: Timber-steel connection design 
 
Half-threaded mild steel bolts with galvanized steel were used in this 
study. Bolt diameter sizes that were tested are 12 mm and 16 mm 
respectively. There were also two washers used in the withdrawal test, which 
were located under the bolt head and under the nut.  According to EC 5, 
10.4.3 (2), it is required that the thickness of washer used must be more than 
0.3d where d is the diameter of the bolt.  
Figure 2 illustrates the required design for the application of withdrawal 
capacity experiment sample setup. Figure 3 illustrates the final set up of the 
withdrawal capacity experiment. Threading length were the same with the 
drilling length, along the bolts thread length as shown in Figure 3. 
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Figure 3: Withdrawal test setup 
 
Results and Discussions  
 
Withdrawal capacities for all the 40 samples were obtained from dividing the 
peak or maximum load that can be applied to every sample to withdraw the 
bolt from the timber block samples, with the deformation formed on the 
timber block samples at the exact time the peak load occurred. The pattern of 
how the withdrawal capacity increases with deformations was studied and 
analyzed. 
 
Figure 4: Relationship of bolt size diameter inserted parallel and 
perpendicular to the grain 
Bolt of 12 mm, 16 mm 
and 20 mm diameter 
Timber block: 
Mengkulang Glulam 
Box grip used to 
hold the timber 
block 
Slot to pull out the bolt 
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Figure 4 illustrates the results obtained for all the withdrawal capacity 
tests parallel and perpendicular to the grain. Initial results for the 12 mm 
bolts with parallel insertion show that there is slight increment on every 
deformation formed. This is probably because of the threading done on the 
timber block samples hole, the grip which contributed from rope effect of the 
bolt threading prevented the bolt to be pulled out easily. 
As the deformations of the timber block sample progresses, more 
loads can be applied until it reached the maximum load. For example, the 
maximum load recorded is 13.5 kN specifically for 16mm diameter parallel 
to the grain. The length of bolt thread gripped into the bolt hole became 
lesser, making it easier to withdraw the bolt from the timber block sample. 
Consequently, after the maximum load was reached, the load drop at the 
same rate as the way it started to rise enthusiastically before.  
When the bolt is inserted perpendicular to the grain direction higher 
withdrawal capacity was recorded. The maximum load recorded is 7.9225 
kN. This is because when the load is pulled against the grain direction, the 
force is acting against the surface instead of along the surface. 
The changes in bolt diameter obviously changed the withdrawal 
capacity to a whole new level.  
For parallel insertion, the withdrawal strength increases steadily across 
the deformations until it reaches the maximum value at 5.2431 kN for 16 mm 
diameter. In a short amount of time, the deformations on the timber block 
sample cannot resist the pulled out withdrawal load It was failed suddenly 
and the timber specimen broke into half with 16 mm parallel with the grain.  
This indicates that bolt with higher diameter is not suitable for 
connection parallel to the grain as it will fail easily. This is because the 
bigger bolt diameter contributes to higher load and the timber cannot 
withstand the load and will deform steadily like the patterns observed with 
the smaller diameter, 12 mm bolt diameter.  
This proved that the best way of fastening the bolt into timber is by 
penetrating perpendicular to the timber surface instead of parallel along the 
bolt and grain direction. Higher withdrawal capacity provides better grip of 
the bolt on the Mengkulang Glulam. Hence, the study proven that the best 
connection type should include the suitability of big size diameter bolt 
fastened to the timber with perpendicular to the grain direction. 
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Figure 5: Timber specimen with 16 mm bolt diameter broken into half 
 
 
 
 
Figure 6: Sample failure observed for 16 mm perpendicular to the grain 
 
Table 4 shows the mean withdrawal capacity results obtained for each 
bolt diameter with respect to different grain directions which were calculated 
from the maximum withdrawal capacity of each test samples conducted. 
 
Table 4: Mean withdrawal capacity for parallel and perpendicular to grain 
directions. 
 
Grain direction Parallel Perpendicular 
Diameter of bolt (mm) Mean withdrawal capacity (kN/mm) 
12 1.04 2.7868 
16 5.2431 7.9225 
 
The results were analysed with 0.05 confidence level providing the 
mean withdrawal capacity values as shown in the table above. The mean was 
calculated from withdrawal capacity values of the 10 samples of each of the 
bolt diameter with respective grain direction. 
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Figure 7: Percentage differences between parallel and perpendicular grain 
directions for 12 mm and 16 mm bolt diameter 
 
Percentage of difference between parallel and perpendicular to the 
grain with the same diameter sizes are 62.82% for the 12 mm diameter bolt 
and 33.82% for the 16 mm diameter bolt. From the difference observed from 
Figure 7 the bolt withdrawal capacity differences between parallel and 
perpendicular to bolt has decreased as the bolt diameter increased. 
 
 
Figure 8: Percentage differences between 12 mm and 16 mm bolt diameter 
for parallel and perpendicular grain directions. 
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On the other hand, percentage of difference between two different 
diameters which are 12 mm and 16 mm is 80.16% for the parallel and 
64.82% percentage difference when it was inserted perpendicular to the grain 
as shown in Figure 8. Hence, it can be observed that the percentage 
difference for the withdrawal capacity when the bolt is inserted perpendicular 
to grain direction having different bolt diameter noticeably lower than the 
bolt inserted parallel to the grain direction with different bolt diameters 
which were 12 mm and 16 mm bolt diameters. 
By comparing the performance of bolt due to withdrawal capacity of 
the bolt, the higher the diameter of the bolt, the higher the withdrawal 
resistance experienced by the bolt and timber block connections. This result 
is in agreement with the study of Haftkhani et al. [7], who indicated that the 
withdrawal resistance increased significantly with increase in screw diameter 
for face and edge direction by 50% and 10% respectively. Factor of the size 
contributions has been well known to providing higher strength since ages, 
and this experiment has proven the fact with deep reason. The contact area of 
the bolt with the timber block sample increases when the diameter of bolt 
increases.  
Thus, it provided higher withdrawal strength to pull the bolt from the 
timber block. In a pair wise comparison, the grain direction has proven to 
provide an effect on the withdrawal capacity. This is because the variation of 
the tissue and structure of the Mengkulang Glulam has provided variation of 
withdrawal capacity values. The samples with bolt inserted perpendicular to 
the timber block grain direction triumphed over the samples with bolt 
inserted parallel to the timber block grain direction, provided that the 
comparison was between the same bolt diameter.  
However, the size contribution affects more on the withdrawal 
capacity than the grain direction because values obtained from 12 mm bolt 
diameter penetrated perpendicular to the grain was still less by 46.85% 
compared to 16 mm bolt diameter penetrated parallel to the grain. From the 
results obtained, it was intriguing fact that the ranges of the withdrawal 
capacity were noticeably wider when the withdrawal resistance was stronger. 
For an instance, ranges difference for a weakest withdrawal resistance 12 mm 
bolt diameter with parallel to grain was only 0.35 kN/mm meanwhile the 
ranges difference for a strongest withdrawal resistance 16 mm bolt diameter 
with perpendicular to grain was 6.47 kN/mm. This may become useful when 
client wants to choose the variance of withdrawal capacity ranges later.  
 
Conclusion  
 
The bolt withdrawal resistances of 12 mm bolt diameter inserted parallel to 
the grain is 1.04 kN/mm lesser than bolt diameter inserted perpendicular to 
the grain which is 2.7868 kN/mm. Nevertheless, the bolt withdrawal 
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resistances of 16 mm bolt diameter inserted parallel to the grain is 5.2431 
kN/mm lesser than bolt diameter inserted perpendicular to the grain is 7.9225 
kN /mm. The withdrawal capacity of 16 mm bolt diameter is 80.16% bigger 
than 12 mm bolt diameter inserted into the timber block with parallel to grain 
direction. Concurrently, the withdrawal capacity of 16 mm bolt diameter is 
64.82% bigger than 12 mm bolt diameter inserted into the timber block with 
perpendicular to the grain direction. The bolt withdrawal resistances found 
that for 12 mm bolt diameter inserted with parallel to grain direction is 
62.82% difference with perpendicular to the grain direction. Meanwhile, the 
bolt withdrawal resistance for 16 mm bolt diameter inserted with parallel to 
grain direction is 33.82% difference with perpendicular to the grain direction.  
In conclusion, the withdrawal capacity observed from the experiment 
conducted showing variance in terms of the manipulated factors which were 
bolt diameters and the grain direction of timber block samples corresponds to 
the direction the bolt was inserted into the timber block sample as shown in 
Figure 12. The biggest contribution to the higher withdrawal capacity is the 
size of the bolt diameter instead of the grain direction. However, bigger 
diameter cannot be used on the parallel grain diameter as it will cause the 
Mengkulang Glulam to fail abruptly, and that is exactly what should be 
avoided at all cost by the civil engineer designer. Thus, it is highly 
recommended that they do testing on the connections combinations the 
desired to use.  
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